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Summary. I briey review the properties of the hidden harm meson X(3872),
disussing some puzzling aspets onerning its theoretial interpretation.
Introdution
Reently many new mesons have been observed in the open and hidden harm
setors [1, 2℄. From the need of theoretial interpretation of those states, the
interesting possibility of identifying new exoti strutures has been pointed
out. In the following I disuss the ase of X(3872), whih represents one of
the most interesting examples in this sense. In partiular I fous the attention
on the properties of the radiative deays X → DD¯γ [3℄.
X(3872)
The experimental observations an be summarized as follows:
 the X(3872) resonane has been found in J/ψpi+pi− distribution by four
experiments, both in B deays(B−(0) → K−(0)X), both in pp¯ annihilation
[4℄. The mass isM = 3871.9±0.6MeV while the width remains unresolved:
Γ < 2.3 MeV (90 % CL);
 there is no evidene of resonanes in the harged mode J/ψpi±pi0 or in
J/ψη [5℄;
 the state is not observed in e+e− annihilation;
 for X produed in B deays the ratio B(B
0
→K0X)
B(B+→K+X) = 0.61± 0.36± 0.06 is
obtained [5℄;
 the dipion spetrum in J/ψpi+pi− is peaked at large mass [6℄;
 the deay in J/ψpi+pi−pi0 is observed [7℄ with B(X→J/ψpi
+pi−pi0)
B(X→J/ψpi+pi−) = 1.0 ±
0.4± 0.3: this implies G-parity violation;
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 the radiative mode X → J/ψγ is found [7, 8℄ with B(X→J/ψγ)B(X→J/ψpi+pi−) =
0.19± 0.07, therefore harge onjugation of the state is C=+1;
 the angular distribution of the nal state is ompatible with the spin-parity
assignment JP = 1+ [9℄;
 there is a signal in D0D¯0pi0 with B(X→D
0D¯0pi0)
B(X→J/ψpi+pi−) = 9 ± 4 [10℄; the
near-threshold D0D¯0pi0 enhanement in B → D0D¯0pi0Khas a the peak
at M = 3875.4 ± 0.7+1.2
−2.0 MeV with B(B → KX → KD
0D¯0pi0) =
(1.27± 0.31+0.22
−0.39)× 10
−4
[11℄ .
All the measurements are ompatible with the assignment JPC = 1++, but if
the 23P1 is identied with Y (3940), another reently observed meson, there
is an overpopulation of 1++ cc¯ mesons. This, together with the observation of
the G-parity violating X transitions suggested the onjeture that X(3872) is
not a harmonium c¯c state. Indeed, the oinidene between the X mass as
averaged by PDG and the D∗0D
0
mass inspired the proposal that X(3872)
ould be a moleular quarkonium [12℄, a D∗0 and D
0
bound state with small
binding energy due to a single pion exhange [13℄. In this sheme the wave
funtion of X(3872) is given by [14℄:
|X(3872) >= a |D∗0D¯0 + D¯∗0D0 > +b |D∗+D− +D∗−D+ > + . . . (1)
(with |b| ≪ |a|) and so one ould explain why this state seems not to have
denite isospin, why the mode X → J/ψpi0pi0 was not found, and why, if the
binding mehanism is a single pion exhange (whih is in fat a ontroversial
point), there are noDD moleular states. The opposing remark onerning the
large value of the ratio
B(X→J/ψpi+pi−pi0)
B(X→J/ψpi+pi−) is that the ratio of the amplitudes is
small:
A(X→J/ψρ0)
A(X→J/ψω) ≃ 0.2, so that the isospin violating amplitude is 20% of the
isospin onserving one, an eet that ould be related to the mass dierene
between neutral and harged D mesons, onsidering the ontribution of DD∗
intermediate states to X deays [15, 16℄. Moreover, the entral value of the
mass measured in D0D¯0pi0 is 4 MeV higher than the PDG value (with a large
systemati error), a result diult to explain in the moleular piture [17℄. It
has also been suggested that the moleular interpretation would imply that the
radiative deay in neutral D mesons: X → D0D¯0γ should be dominant with
respet to X → D+D−γ [14℄. However, assuming that X(3872) is an ordinary
JPC = 1++ harmonium and desribing the X(3872) → DD¯γ amplitude
by polar diagrams with D∗ and ψ(3770) as intermediate partiles the ratio
R = Γ (X→D
+D−γ)
Γ (X→D0D
0
γ)
depends only on the ratio c/gˆ1, c being the parameter
governing the radiative Xψ(3770)γ matrix element, and gˆ1 representing the
oupling XDD¯∗ (or XD∗D¯). The ratio R is plotted in g.1 versus c/gˆ1 and it
is shown that in any ase R < 0.7. Thus, there is a suppression of the radiative
X deay mode into harged D mesons with respet to the mode with neutral
D. Moreover, for small values of c/gˆ1 the ratio R is tiny, so that this seems
not a peuliar feature of a moleular struture of X(3872).
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Fig. 1. Ratio of harged X → D+D−γ to neutral X → D0D¯0γ deay widths versus
the ratio of hadroni parameters c/gˆ1.
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Fig. 2. Photon spetrum (in arbitrary units) in X → D0D¯0γ (top) and X →
D+D−γ (bottom) deays for values of the hadroni parameter c/gˆ1 = 1 (left) and
c/gˆ1 = 300 (right).
The photon spetrum in radiative X deays to both neutral and harged
D meson pairs for two representative values of c/gˆ1, namely c/gˆ1 = 1 and
c/gˆ1 = 300, is depited in g.2. For small values of the parameter c/gˆ1, i.e.
in the ondition where the intermediate D∗ dominates the deay amplitude,
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the photon spetrum in the D0D¯0γ mode essentially oinides with the line
orresponding to the D∗ deay at Eγ ≃ 139 MeV and width determined by
the D∗ width. The narrow peak is dierent from the line shape expeted
in a moleular desription, whih is related to the wave funtion of the two
heavy mesons bound in the X(3872), in partiular to the binding energy of
the system, being broader for larger binding energy. On the other hand, the
photon spetrum in the harged D+D−γ mode is broader, with a peak at
Eγ ≃ 125 MeV, the total X → D
+D−γ rate being severely suppressed with
respet to the X → D0D¯0γ one.
At the opposite side of the c/gˆ1 range, where ψ(3770) gives a large on-
tribution to the radiative amplitude, a peak at Eγ ≃ 100 MeV appears both
in neutral and harged D meson modes, in the rst ase together with the
struture at Eγ ≃ 139 MeV. This spetrum was desribed also in [14℄, where
in this ase the radiative deay was interpreted as deriving from the c¯c ore
of X(3872). In this range of parameters the ratio of the X → D+D−γ to
X → D0D¯0γ rates reahes the largest value.
The experimental determination of the photon spetrum of the type de-
pited in g.2, together with the measurement of the X → DD¯γ widths is a
hallenging task. Nevertheless, this measurement is important to shed light on
the struture of X(3872). Other methods to distinguish between a moleular
and a quarkonium desription have been proposed, and onern the pioni X
deays to χcJ [18℄.
Conlusions
I have summarized the features of X(3872), disussing in partiular possible
tests of the moleular interpretation of this state. I have foused the attention
on the radiative deays X → DD¯γ, showing that the suppression of the
harged hannel with respet to the neutral one is not a distintive feature
of the moleular piture. However, in this deay mode the photon spetrum
is expeted to be dierent in the cc¯ and moleular desription, so that its
experimental investigation ould be useful to shed more light on this puzzling
hadron.
Aknowledgements
I thank the onferene organizers and onvenors. I also aknowledge P. Colan-
gelo and F. De Fazio for ollaboration. This work has been supported in part
by the EU Contrat No. MRTN-CT-2006-035482, "FLAVIAnet".
Newly observed harmed states: the ase of X(3872) 5
Referenes
[1℄ W. M. Yao et al. [Partile Data Group℄, J. Phys. G 33 (2006) 1.
[2℄ For reviews see:P. Colangelo et al. Mod. Phys. Lett. A 19 (2004)
2083; E. S. Swanson, Phys. Rept. 429 (2006) 243. P. Colangelo et al.
arXiv:hep-ph/0609240; J. L. Rosner, J. Phys. Conf. Ser. 69 (2007) 012002
and P. Colangelo et al. arXiv:0706.0053 [hep-ph℄.
[3℄ P. Colangelo, F. De Fazio and S. Niotri, Phys. Lett. B 650 (2007) 166.
[4℄ S. K. Choi et al. [Belle Collaboration℄, Phys. Rev. Lett. 91 (2003) 262001;
D. Aosta et al. [CDF II Collaboration℄, Phys. Rev. Lett. 93 (2004)
072001; V. M. Abazov et al. [D0 Collaboration℄, Phys. Rev. Lett. 93
(2004) 162002; B. Aubert et al. [BABAR Collaboration℄, Phys. Rev. D
71 (2005) 071103.
[5℄ D. Bernard, talk at the International Conferene on QCD and Hadroni
Physis, June 16-20 2005, Beijing, China.
[6℄ A. Abulenia et al. [CDF Collaboration℄, Phys. Rev. Lett. 96 (2006)
102002.
[7℄ K. Abe et al. [Belle Collaboration℄, arXiv:hep-ex/0505037.
[8℄ B. Aubert et al. [BABAR Collaboration℄, Phys. Rev. D 74 (2006) 071101
[9℄ K. Abe et al. [Belle Collaboration℄, arXiv:hep-ex/0505038; A. Abulenia
et al. [CDF Collaboration℄. arXiv:hep-ex/0612053.
[10℄ G. Gokhroo et al., [Belle Collaboration℄, BELLE-CONF-0568 (2005); P.
Pakhlov, talk at ICHEP 2006, 26/7-2/8 2006, Moskow, Russia.
[11℄ G. Gokhroo et al., Phys. Rev. Lett. 97 (2006) 162002, The signal has been
onrmed by BaBar Collaboration, see P. Grenier, arXiv: 0705.2432.
[12℄ M. B. Voloshin and L. B. Okun, JETP Lett. 23 (1976) 333.
[13℄ F. E. Close and P. R. Page, Phys. Lett. B 578 (2004) 119; M. B. Voloshin,
Phys. Lett. B 579 (2004) 316; N. A. Tornqvist, Phys. Lett. B 590
(2004) 209; C. Y. Wong, Phys. Rev. C 69 (2004) 055202; E. Braaten and
M. Kusunoki, Phys. Rev. D 69 (2004) 074005; E. S. Swanson, Phys. Lett.
B 588 (2004) 189 and 598 (2004) 197; M. T. AlFiky et al. Phys. Lett.
B 640 (2006) 238; E. Braaten et al. arXiv:hep-ph/0702128; S. Fleminget
al. Phys. Rev. D 76 (2007) 034006.
[14℄ M. B. Voloshin, Int. J. Mod. Phys. A 21 (2006) 1239.
[15℄ M. Suzuki, Phys. Rev. D 72 (2005) 114013.
[16℄ C. Meng and K. T. Chao, Phys. Rev. D 75 (2007) 114002.
[17℄ An argument in favour of the possible oexistene of a D0D¯0pi0 signal
with the other features of the moleular desription has been provided
by C. Hanhart et al. Phys. Rev. D 76 (2007) 034007.
[18℄ S. Dubynskiy and M. B. Voloshin, arXiv:0709.4474 [hep-ph℄.
